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Abstract

This paper is concerned with the traveling wave solutions of a competitive
integrodifference system with Lotka-Volterra type nonlinearity. The existence of
traveling wave solutions is proved by constructing generalized upper and lower
solutions. The asymptotic behavior of traveling wave solutions is established by
combining the theory of asymptotic spreading with the idea of contracting
rectangles. The nonexistence of monotone traveling wave solutions is also confirmed
by the theory of asymptotic spreading.
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1 Introduction
In this paper, we study the traveling wave solutions of the following integrodifference sys-

tem with Lotka-Volterra type nonlinearity:

Xi1(x) = f]R X, - X, () — a1 Y, ()] (x — y) dy,

1.1
Yo @) = [z 2 Yu 01 = Y, (y) — a2 X, (9)]g2(x — y) dy, D

in whichn e NU {0}, and r; > 0, a; > 0, i = 1,2, are constants. For i = 1,2, g; is the proba-
bility function describing the random walk of individuals under consideration, and it is the
so-called kernel function. In particular, we take the following conditions in this paper:

(Al) g; is Lebesgue measurable and integrable on R and [, gi(y) dy = 1;

(A2) gi(y) =gi(-y) = 0,y € R, and for each 1 € R, [, gi(y)e” dy < c0.

For the parameters in (1.1), we also give the following assumptions:

(A3) r, 1 €(1,4);

(Ad) 1-L —aily >0,1-1y —ayl; > 0, where

rir__,lj rie(172)1
L= g

%) r; € [2’ 4)
fori=1,2;
(A5) 7’1(1 — ﬂllz) >1, 7'2(1 - 612[1) >1;
(A6) 1- 1/}"1 > ﬂl(l - 1/1”2), 1- 1/1"2 > 612(1 - 1/}”1);
(A7) 1-2L —a1l, > 0,1 -2, —ayl; > 0.
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We now give some illustration of (A3)-(A7) from the viewpoint of both the literature
and the population dynamics of the corresponding difference system

Xn+1 = Van [1 _Xn —a Yn]r Yn+1 =r Yn [1 - Yn - ﬂZXn]' (12)

If the inter-specific vanishes (a; = a; = 0) and (A3) holds in (1.2), then X,,,; = nX,[1 -
Xy or Yy =1 Yy[1-Y,]:[0,1] — [0,1] and is persistent in population dynamics (see
Murray [1, Section 2.3] for the dynamics). Condition (A4) provides a positive invariant
region of the difference system (1.2), namely, [0,/;] x [0, ;]. (A5) indicates that the inter-
specific is weak, namely, even if the competitor X, (Y},) takes the maximal value /; (/),
the species Y, (X,,) still persists. The coexistence steady state of (1.2) exists if (A6) holds.
(A7) leads to a comparison principle appealing to the difference system (1.2) in [0,5] x
[0,45]. Finally, if (A3)-(A7) hold, then (1.2) has a stable steady state. In particular, there
are different parameters such that part or all of (A3)-(A7) hold. For example, if r, = 1.5,
ry = 1.6, a1 = ay = 0.1, then (1.2) satisfies (A3)-(A7); if 1 = 1.5, 1 = 1.8, a3 = a» = 0.5, then
(1.2) satisfies (A3)-(A6), if r, = 1.2, r, = 1.8, a; = a; = 0.5, then (A3) and (A4) hold.
Hereafter, a traveling wave solution of (1.1) is a special solution having the form

Xn(x) = ¢(t)1 Yn(x) = 1//(t)r L=x+cn,

in which ¢ > 0 is the wave speed and (¢, ) describes the wave profile that propagates in
the media R. Then (¢, ¥) and ¢ must satisfy

Pt +c) = [ro»A-o») —ary ())g(t -y)dy,

(1.3)
Y(t+c) = oy A -v 1) - ap()g(t —y)dy

for t € R. To describe determinative transition processes between different states, proper
asymptotic behavior satisfied by the traveling wave solutions is often necessary. In this
paper, we require the following asymptotic boundary conditions:

lim (@0, v(®) = (0,0),  liminf¢(t)>0,  liminfy (&) >0. (1.4)

Furthermore, we also consider the following stronger ones:

Jim (60, ¥(0) =(0,0),  lim ¢(t) =k, lim ¥ (&) = ko, (15)
in which
1-L-aq@-1) 1-L—a1-1)
=TTl g o n TPl
1-aia, 1-aa,

provided that (A6) is true. In population dynamics, (1.3) with (1.4) or (1.3) with (1.5) could
formulate the successful invasion of two competitors.

To study the existence of traveling wave solutions of competitive recursions of two com-
petitors, Lin et al. [2] established an abstract scheme and the existence of traveling wave
solutions was reduced to the existence of upper and lower solutions. Since the competitive
system in [2] does not generate monotone semiflows when the synchronous invasion of
two competitors is concerned, the asymptotic behavior of traveling wave solutions cannot
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be confirmed by the monotonicity of them (see [3—15] for monostable traveling wave so-
lutions of (local) monotone recursions). In [2], the asymptotic behavior of traveling wave
solutions was obtained by that of upper and lower solutions. The method was also applied
to several competitive systems; see [16—18] and the references cited therein. Without the
requirements of upper and lower solutions, it is difficult to obtain the asymptotic behavior
of traveling wave solutions [19]. In fact, for coupled systems with general kernels, it is not
an easy job to construct proper upper and lower solutions satisfying the asymptotic be-
havior in [2], and [16—18] just obtained the existence of traveling wave solutions of some
systems with special kernels. Although the kernel functions in [2, 16—-18] satisfy some spe-
cial conditions, the verification of upper and lower solutions is still very complex, and the
nonexistence of nontrivial traveling wave solutions of models in [2, 16—18] remains open.

To simplify the construction of upper and lower solutions and provide a more general
result of the existence of traveling wave solutions of recursions, Lin [20] further consid-
ered the traveling wave solutions of recursions and gave some simpler conditions. By the
theory in [20], the existence of traveling wave solutions can be obtained by the existence
of upper and lower solutions which are easy to construct. Moreover, by the properties of
the corresponding difference systems, the asymptotic behavior of traveling wave solutions
was also studied. Moreover, for the model investigated by [2,17], Lin [20] also obtained the
nonexistence of nontrivial traveling wave solutions by the theory of asymptotic spreading.

In this paper, we shall establish the existence and nonexistence of (1.3) with (1.4) or (1.3)
with (1.5), and we present the corresponding mathematical results by the idea in [20]. In
particular, we shall not take special general kernels g1, g2, and just add conditions (A1)-(A2)
in what follows.

The rest of this paper is organized as follows. In Section 2, we investigate the exis-
tence of traveling wave solutions by constructing upper and lower solutions and applying
Schauder’s fixed point theorem in a functional space equipped with the decay norm. In
Section 3, the asymptotic boundary conditions (1.4) and (1.5) will be considered by com-
bining the theory of asymptotic spreading with the idea of contracting rectangles in [20].
Finally, the nonexistence of monotone traveling wave solutions is proved, which indicates
that the threshold in the paper is the minimal wave speed of monotone traveling wave
solutions of (1.1).

2 Existence of traveling wave solutions
In this paper, we shall utilize standard partial ordering in R?. Also let X be the set of uni-
formly continuous and bounded functions from R to R%. Moreover, we denote

Xon={®=($,¥) €X:0=<9y(t) <h,0<¢(t) <h,t €R}.
Let | - | be the supremum norm in R? and > 0 be a constant. We define

B,L(R,]Rz) = {dD eX:sgﬂg|d>(x)|e’“'x| < oo},

and the decay norm

|®|,, = sup|®(x)[e™™, & e B,(R,R?).
xeR

Then (B, (R,RR?),| - |,) is a Banach space.
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Before discussing (1.1), we first consider the corresponding difference equation

Xn+1 = VIXn[l _Xn - 6[1Yn], XO = X0,
Y,,+1:r2Yn[1—Yn—a2Xn], YO =%o0, n+leN.

2.1)

Lemma 2.1 For (2.1), we have the following conclusions:
(D1) if (A3)-(A4) hold, then [0, 4] x [0, L] is invariant, namely, if xo € [0, 4], yo € [0,1],
then X, € [0,1], Y, €[0,l,],neN;
(D2) if (A3), (A4), and (A7) are true and xo € [0,4], yo € [0,15], then for each n € N,
X, (Yy,) is monotone increasing in X,y (Y,-1) and monotone decreasing in Y, ;
(X-1)-

We now introduce some constants. Denote
Ai(A, ) = ri/ e)‘y"kcgi(y) dy, i=12
R

for 1 € R and ¢ > 0. Then the following result holds.

Lemma 2.2 There exists a positive constant c* > 0 such that c < c¢* implies that A1(A,c) > 1
forany >0 or Ay(X,¢) >1forany h > 0.1fc > c*, then A;(A,c) =1 has at least one positive
root Ai(c) such that A;(ri(c),c) =1 and A;(\,c) >1 for . € (0,A;(c)), i = 1,2. Moreover, there
exists y = y(c) € (1,2) such that A;(X)(c),c) <1 for all X;(c) € (Ai(c), ¥ Ai(c)], i=1,2.

By Liang and Zhao [21, Lemma 3.8], Lemma 2.2 is clear and c* is defined by

In(ry [ €71 () dy) - In(r [, €2g:(y) dy) }

¢* = max{inf ,
250 A 10 A

In what follows, we suppose that ¢ > ¢* is fixed. If (¢, V) € X[o,L], then we define P =
(Pl,Pz) IX[()]L] — X by

P1(¢,1/f)(t):/I;rltt)(y)(l—¢(y)—a11ﬁ(y))g1(t—c—y)dy,
Py (¢, ¥r)(¢) = /erlﬁ()’)(l— V() - a2p(y))ga(t — c - y) dy.

In particular, P also admits the following properties.
Lemma 2.3 P:X[o1] — X[o1]-

Lemma 2.3 is clear by Lemma 2.1 and (A1)-(A2), and we omit the proof here. Clearly,
a fixed point of P in X[g ) is a solution to (1.3). Therefore, it suffices to prove the existence
of the fixed points of P by Schauder’s fixed point theorem, and we first construct a potential
set of wave profiles.

For the purpose, we define continuous functions

#(t) = min{e", 4}, ¥ () = min{e**, b }
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and
#(¢) = max{e™’ — Me™,0}, ¥ (t) = max{e*?* — Me"?",0},
where M > 1 is a positive constant clarified later and 5 € (1,2) such that
nhi <A+ Ag, Nha <A1+ Ag, A1(nAg,0) <1, Ar(nro,c) < 1.
With these notations, we define the following set of potential wave profiles:
F={¢¥) X, (¢ ¥) <6 ¥) <@ V)],
which satisfies the following nice properties.

Lemma 2.4 IfM >1 is large such that

(@, 9) < (%),

then T is convex and nonempty. Moreover, it is closed and bounded with respect to the decay

norm | - |,.
Lemma 2.5 Assume that (A3)-(A4) hold. If M > 1 is large, then P:T" — T'.

Proof By Lemma 2.1, it suffices to verify that

(P1(¢¢ 1/’)(t)7P2(¢, W)(t)) = (a(t),ﬁ(t)), teR

and
(P1(¢’ W)(t):Pz(ﬁb, W)(t)) = (Q(t),ﬂ(t)), teR

for (p,y) e T.
If ¢(¢) = €M, then

P ¥)(®) = /R roO)(1-$0) - ay 0))a(t —c—y)dy
< /R oWt -c ) dy
< / rneVg (t—c—y)dy
R
=1 =9().
If ¢(¢) = [, then Lemma 2.1 implies that

Py(, ¥)(2) = /R n¢()(1-60) -ay(¥))alt-c-y)dy

< / e (1-¢0)alt - -y dy
R

S ll = a(tL
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and we have verified that
Pi(¢,¥)(6) <¢(8), teR.
In a similar way, we can prove that
Py, ¥)() <Y (t), teR.

If ¢(¢) = 0, then

1-¢(») -ay(y) = 1-9() — a1y (y)

>1-h—-aily

>0=¢0)

by (A4) and

RGN0 = [ nd0)(1L-90) - v O))aat—c- ) dy = 0 = 900
is clear. Otherwise, (¢, ¥) € I leads to

e (1-900) - ay(9) = ne®) - rnd*y) — rnadY(y)

2A1y (A1+22)y

> e — nMe™ — re?* — raje

and
PGNO = [ n60)(1-90) - @y O))att - dy
Z/[rle rlMe”’\”’]gl(t c—y)dy
R

- / [rlezm’ + rlale(’\”“)y]gl(t —c—y)dy
R

— MA1(nh1, )€™ — Ay (241, 0)e* M1t — @y Ay (hy + Ao, c)eP1H22)!

Klt Me?]}ult
= ¢(¢)
provided that
M>1+ A1(2M1,¢) + a1 A1 (A + Az, €) L
1- Ai(niy,0)

In a similar way, when

A2 (2Xg,¢) + asAa(Ay + Ao, €)
1 - As(nhi;c)
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is true, we have

Py, ¥)(t) = ¥ (2), teR.

The proof is complete. O

Lemma 2.6 Assume that (A3)-(A4) hold. Then P:T" — T is complete continuous in the

sense of the decay norm | - | .
The proof is provided by Lin [20, Lemma 3.4] and we omit it here.

Theorem 2.7 Assume that (A3)-(A4) hold. Then for each ¢ > c*, (1.3) has a positive solu-
tion (¢, ) such that

tEI—noo(qb(t), w(t)) = (0: O)’ tEr_noo((b(t)e_Mt’ w(t)e_)LZt) = (lr 1)
and
0<¢(t)§ll, 0<1ﬁ(t)§lg, teR.

The result is evident by Schauder’s fixed point theorem and Lemmas 2.4-2.6, and we

omit the proof here.

3 Asymptotic behavior of traveling wave solutions
In this section, we investigate the asymptotic behavior of positive solutions of (1.3). We

first consider the initial value problem

Mn+1(x) = f]R b(”n()’))g(x—y) d_)/,
uox) =ulx), xeR,n+1eN,

(3.1)

where b(u) satisfies
(Ul) for some U* >0, b(u) : [0, U*] — [0, U] is Lipschitz continuous and monotone
increasing;
(U2) there exists u* € (0, U*] such that b(u) > u, u € (0,u*), b(u*) = u*; if U* > u*, then
b(u) <u,ucwt,Ur);
(U3) b(0) =05
(U4) b'(0)>1and b(u) <b'(0)u, u € (0,U"].
In literature, (U1)-(U4) imply the comparison principle, monostability, and persistence in

(3.1). More precisely, by Hsu and Zhao [4], we have the following conclusion.

Lemma 3.1 Assume that g satisfies (A1)-(A2).
(1) If u(x) is bounded and uniformly continuous such that

O<ux)<U', xeR,


http://www.advancesindifferenceequations.com/content/2014/1/173

Pan and Yang Advances in Difference Equations 2014, 2014:173
http://www.advancesindifferenceequations.com/content/2014/1/173

then lim,,_, oo u,(0) = u*. Moreover, let C > 0 satisfy

[z b'(0)e?*g(y) dy =1 has no real root > > 0 if c < C,
[z P'(0)e?*g(y) dy =1 has positive roots if c > C,

then for each c < C, we have

liminf inf u,(x) = limsup sup u,(x) = u".
n—>00 |x|<cn n—00 |x|<cn

(2) If u,(x) is bounded and uniformly continuous for each n such that

0<u,x)<U", n+leNxeR

and

U1 (%) = (=) [ b ()g(x ~ ) dy,

Uo(x) > (Dulx), xeR,m+1eN,

then u,(x) > (<)u,(x),x e R,n e N.

Theorem 3.2 Assume that (A3)-(A5) hold. If (¢, V) is given by Theorem 2.7, then (1.4) is

true.

Proof Note that a traveling wave solution is a special invariant solution; then ¢(t) = X,,(x)

satisfies the following inequality:

X1 (%) = fR rIXn(y)[l - Xn()’) - ﬂ112]g1(x _y) dy;
Xo(x) = ¢(x) € [0, 4]

for all # + 1 € N. Define

b(u) = inf {r1V[1 -v- allz]}.

velu,l]

Clearly, b(u) admits the following properties:

(bl) b(u):[0,4] — [0,4] is Lipschitz continuous and monotone increasing;

(b2) b(0) =0,5(0) = (1 —arhy) > 1;
(b3) there exists u* € (0,/] such that b(u#*) = u* and

bu)>u, ue (0,[);

(b4) if u* <[y, then b(u) < u, u € (u*,l].
Therefore, b(u) satisfies (U1)-(U4) and Lemma 3.1 implies that

liminf X,,(0) > u™ >0

n—00

Page 8 of 12
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and
1 ..
1 > htmmfd)(t) >u>0.

In a similar way, we have

r .
—= > liminfy(¢) > 0.
4 t—00

The proof is complete. d

Theorem 3.3 Assume that (A3)-(A7) hold. If (¢, ) is given by Theorem 2.7, then (1.5) is
true.

Proof By what we have done, we see that

n > limsup ¢(¢) > liminf¢(£) > 0
4 t—>00

t—00

and

2 S limsup v (¢) > liminfy (£) > 0.
4 t—00

t—00

Define

liminf¢(¢) = u, limsup¢(t) =u

t—>00 t— 00

and

litm infy(¢) = v, limsup ¥ (£) = v.
—00

t—00

Applying the dominated convergence theorem in P when ¢ — oo, then the monotone
condition (A7) implies that

U+av<1l-—, (3.2)
rn
_ 1
Z+612M21— ) (3.3)
r
Uu+av>1-—, (3.4)
r
_ 1
Vrau<l-—. (3.5)
r

By (3.2) and (3.4), we have
U-u<a(v-v). (3.6)
Furthermore, (3.3) and (3.5) lead to

V-v=<ay(u-u. (3.7)
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Since (A6) implies that a;a; < 1, then we have

u=1u,

<l
Il
1=

by (3.6) and (3.7). Again by (A6), we see that
ﬁ=ﬂ=k1, 1_/=Z=k2.
The proof is complete. 0

Remark 3.4 Although we did not construct the contracting rectangle (see [20]) in this
paper, the proof of Theorem 3.3 was motivated by Lin [20, Sections 4-5]. Of course, if a
model involves more unknown functions, it is difficult to obtain the asymptotic behavior
of traveling wave solutions by the inequalities similar to (3.6) and (3.7).

4 Nonexistence of monotone traveling wave solutions
In this section, we confirm that c* is the minimal wave speed of monotone invasion travel-
ing wave solutions by presenting the following nonexistence of monotone traveling wave

solutions.

Theorem 4.1 Assume that (A3)-(A6) hold. If ¢ < c*, then there is no strict monotone
(p(2), ¥ (¢)) satisfying (1.3)-(1.4) and

0 < p(t) < ky, 0<vy(t) <ko. (4.1)
Proof Without loss of generality, we assume that ; > 0 and

AL >1, ce(0,c),A>0.
Were the statement false, then there exists ¢; € (0, c*) such that there is (¢(¢), ¥ (¢)) satis-

fying (1.3)-(1.4) and (4.1).
Since ¢(t), ¥ (t) are monotone increasing, then

t—>¢(t), t—>Y()

are one to one and there is a continuous mapping / such that

h(p(2)) = r1(1 - p(t) — ar ¥ (1)),

in which %: [0, k1] — [1, 1] satisfying
(H1) A(0) =ry;
(H2) h:[0,k] — [1,m] is continuous and strictly monotone decreasing;
(H3) h(ky)=1.

At the same time, / also leads to

lt+c) = /R SISO @t —y)dy, teR.
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Let —2x = (¢1 + ¢*)n, then
t=x+cn—-00, n—> o0
such that
o) —> 0, t— —o0c.

Note that ¢(£) = u,(x) is a special solution to

Mn+1(x) = f]R h(un(y))gl(x —J’) dy,
up(x) =p(x)>0, xeR,m+1eN.

(4.2)

Define h(u) = inf e[, ) 2(v), then h(u) is monotone and continuous for u € [0, k]. More-
over, applying Lemma 3.1 to (4.2), we see that C = ¢*. Again by Lemma 3.1, we obtain

liminf u,(x)>0
n—00,—2x=(c1+c*)n

and
ltim info(t) > 0.
A contradiction occurs. The proof is complete. 0

Before ending this paper, we make the following remark.

Remark 4.2 By what we have done, ¢* is the minimal wave speed of monotone traveling
wave solutions of (1.1). However, when the wave speed is ¢*, the existence and nonexis-
tence of nontrivial traveling wave solutions remain open. At the same time, if we remove
the monotonicity of traveling wave solutions in Theorem 4.1, then we believe that the re-
sult still holds. Clearly, for these two problems, we cannot discuss them directly by the
methods similar to those in this paper, and we shall consider these problems in our future
studies.
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